Background: The minimum wage creates both winners (through wage increases) and-potentially-losers (through job losses). Research on the health effects of minimum wage policies has been sparse, particularly across gender and among racial/ethnic minorities. We test the impact of minimum wage increases on health outcomes, health behaviors and access to healthcare across gender and race/ethnicity.
Background
Federal law establishes a minimum wage for most types of workers throughout the country, and many states set a higher minimum wage [1] . Studies suggest that minimum wage impacts income in two different ways: increasing wages for employed low-wage workers and potentially reducing employment. However, it appears that the net effects are small [2] [3] [4] [5] . Given the contribution of income to health, the effects of the minimum wage may well be important. Income underlies three major determinants of health: access to healthcare, environmental exposures and health behavior [6] .
The relationship between minimum wage and health may be even more complex given that there may be differential income effects depending on gender, race and ethnicity. With respect to differential effects by gender, women constitute a larger proportion than men of workers either at or below minimum wage so women, particularly white women, could benefit more than men from minimum wage increases [7] . Racial and ethnic minorities may experience disparate employment loss associated with minimum wage increases as a consequence of workplace discrimination in layoffs and due to lower levels of human capital in the context of reduced employment demand [1, 8, 9] . Additionally there may be differential effects of the minimum wage across race/ethnicity and gender due to different patterns of distribution across job sectors [8] . Differential labor-market outcomes may result in differential health impacts across gender/racial/ethnic groups that are masked when looking at average effects.
The majority of studies of the health impacts of minimum wage explore average effects for all low income workers [10] [11] [12] . A few studies have explored the interplay of minimum wage and gender for health [10, 13, 14] and only two studies, to our knowledge, have examined the implications of gender, race/ethnicity and minimum wage for health [13, 14] . Andreyeva et al. (2018) explores this research question and does not find significant effects of minimum wage increases on racial/ethnic minorities (Latinos and Blacks); however, they do not disaggregate their results by racial/ethnic group and they do not explore if there are any interactions between race/ethnicity and gender [13] . Averett et al. (2017) explores this question in a cohort of teenagers and finds that minimum wage increases are associated with worse self-reported health among Latino men [14] .
The objective of this study is to examine the effects of minimum wage on the access to care, health behaviors and health outcomes for different racial/ ethnic/gender groups. This analysis provides empirical evidence that helps build out the conceptual framework for the effects of minimum wage laws on health by considering the effects on subpopulations in which this relationship has seldom been examined.
Methods

Data sample
To examine associations between minimum-wage policies access to care, health behaviors and health outcomes, among racial/ethnic minorities and across genders, this study analyzes a data from the Behavioral Risk Factor Surveillance System (BRFSS) and state-level data from other sources covering the 21-year period from 1993 to 2014. The BRFSS is conducted by state health departments, with technical and methodological assistance provided by the Centers for Disease Control and Prevention. This study sample includes individuals between the ages of 21 and 64. Consistent with the work of Horn et al. (2017) , individuals who were homemakers, retired, self-employed, long-term unemployed, unable to work, and students were excluded from the sample. To focus on low-skill workers, the sample was limited to those individuals who reported educational attainment of high school (or General Educational Development test) or lower. A dataset was constructed consisting of pooled cross-sectional observations at the individual level, combined with state-level data on the prevailing minimum wage rate and several other policy and labor force characteristics that vary over time and across states. These ecological data were collected from the Bureau of Labor Statistics (BLS), Bureau of Economic Analysis and the University of Kentucky Center for Poverty Research [15] [16] [17] . This study was deemed exempt by the University of California, Los Angeles Institutional Review Board.
Measures
Between 1993 and 2014 there were 313 minimumwage changes (mostly increases) due to state and some federal legislation [10] . The state-specific median wage data used to construct the primary predictor are from the United States BLS [15] . We used the larger of the state or federal wage rate as the prevailing minimum wage and dates for minimum wage laws are based on the year of implementation.
The economic meaning of the minimum wage varies with local labor market conditions. A recent analysis studied the effects on the labor market of an increase in the federal minimum wage to $15/h, and found wide variations across states [18] . Some of this variation is due to differences in state minimum wages, but much is due to differences in state labor market conditions. In some states, many low-skill workers already earn very close to the proposed new federal minimum wage, whereas in other states very few do. For example, although the current state minimum wage is very similar in Connecticut ($10.10/h) and Minnesota ($9.86/h), the market wage for low-skill work is lower in Connecticut than in Minnesota, so that an increase to $15/h in both states would increase the wages of 26% of Connecticut workers and only 15% of Minnesotan workers. In Arkansas, where the state minimum wage is only slightly lower, at $9.25/h, 39% of the workforce would see an increase. Put differently, the state minimum wage is more economically binding in Arkansas than in Minnesota.
One way to capture these differences would be to divide the minimum wage by the local cost of living. But the cost of living, although correlated with average wages, is in fact not a factor in the low-skill labor market [19] . Therefore, economists have used a measure called the Kaitz index, which divides the minimum wage by the local average wage in the sector(s) most likely to be affected by the minimum wage [20, 21] .
Our primary predictor is the Kaitz index with a slight modification to enhance interpretability: we multiply the ratio of the 1-year lagged minimum wage to the low-skill average wage) by the average national low-skill wage so that one unit can be generally understood as $1. The benchmark low-skill occupation is the state-specific median wage for first line supervisors/manager of sales workers (before 1999) and retail sales workers (after 1999). These occupations are chosen because they are typical lowskill positions that would be affected by the minimum wage and they have the most consistent definitions across time. In average-wage states, the regression coefficients can be interpreted as the effect of a $1 increase in the minimum wage. In high-wage states, the regression coefficients can be interpreted as the effect of an increase of more than $1, scaled to reflect the state's higher-than-average wages. In lowwage states, the regression coefficients can be interpreted as the effect of an increase of somewhat less than $1. Additional file 1 reports these adjustment factors for all state-year combinations. Since most other studies exploring the relationship between minimum wage and health have used either the real or lagged minimum wage as their primary predictor we provide the results of models using the 1-year lagged minimum wage as a predictor as well; however, we will only be discussing the results derived from models including our main predictor, the adjusted wage ratio.
The two access to care variables, uninsurance (lack of health insurance) and missed care due to cost, were treated as indicator variables that were coded as "1" if the condition was present. Four health behavior outcomes were examined: 1 each pertaining to exercise and alcohol consumption and 2 pertaining to dietary intake (fruit and vegetables). An indicator for "no exercise in the last 30 days" was coded as "1" if the condition was present and the remaining health behavior variables for alcohol, fruit and vegetable consumption were count variables based on consumption during the last 30 days. We examine the amount of days alcohol was consumed in the last month because there is evidence that even moderate daily drinking may increase the risk of developing liver disease [22] . The health outcomes examined included 5 self-reported health outcomes: fair or poor health; diagnosis of hypertension; poor mental health days; poor physical health days; and unhealthy days. Self-reported fair or poor health and self-reported hypertension were indicator variables coded as "1" if the condition was present [23] . Selfreported poor mental health days and poor physical health days were treated as count variables based on the last 30 days. Following guidance from the Centers for Disease Control and Prevention, self-reported unhealthy days was a count variable constructed by combining the number of poor mental and physical health days [24, 25] .
Included in the models are several time-varying, state-level covariates to control for possible confounding by local political environments. These variables were potentially associated both with the states' decisions to modify a minimum-wage law and also with the health outcomes of interest. A variable for a state's 1-year lagged Gross Domestic Product, using data obtained from the Bureau of Economic Analysis, reflects the economic environment [17] . Several variables characterize state-level welfare and assistance policies to capture the degree of state-specific generosity, including the percentage of the federal Earned Income Tax Credit that the state offers as a supplement, an indicator of whether this supplement is refundable and an indicator reflecting comprehensive Medicaid expansion to childless adults [26] . Two variables were included to capture state-level generosity in poverty policies: (1) the maximum monthly Temporary Assistance for Needy Families (TANF) benefit amount and (2) the maximum monthly food-stamp benefit amount, both for a family of 3. As a further control for possible confounding, the models also included state and year-level fixed effects in the models. The use of state-level fixed effects controls for any time-invariant state differences in political culture or economic environment that is unmeasured but that would otherwise confound the analysis. The inclusion of year-level fixed effects controls for any time trends that may be associated with changes to minimum wage policy. Lastly, several individual-level variables that may vary with time and have implications for self-reported health outcomes are included (age, race/ ethnicity, gender, marital status, education and having minor children).
Statistical analysis
We calculated the mean and standard error for our main predictor, adjusted minimum wage ratio, for each census region, over 5-year intervals and for the entire sample. We also calculated proportions and means for our dichotomous and count outcomes, respectively. The unit of analysis was the person-year for all analyses. Linear Regression Models and Poisson Regression Models (PRM) were estimated for dichotomous and count outcomes, respectively. Linear regression applied to dichotomous outcomes, also known as a Linear Probability Model (LPM), can be used when the sample size is large, since the distribution of the variables can be assumed to be normal under these circumstances [27] . Use of the LPM also allows direct interpretation of the coefficient of the primary predictor. We use a PRM to model count outcomes instead of an Ordinary Least Squared regression model because the normality assumption may not be applied to count data even in the context of large sample sizes if the number of counts is small. Additionally, use of the PRM will account for the non-linearity of count data [28] . All models were weighted to account for complex survey design and non-response by using the sampling weights provided by the BRFSS. Additionally, robust standard errors clustered at the state level were used. We employed these adjustments through the SVY command with the linearized option in Stata version 13 (StataCorp LP, College Station, TX). All monetary variables are adjusted for inflation. We initially ran models for each outcome inclusive of the entire sample and then we ran models stratified by gender. Next we ran models stratified by race/ethnicity (white, black and Latino) and models stratified by both race/ethnicity and gender. Lastly, we ran analyses for the total population including interaction terms for race/ethnicity/gender and the adjusted wage ratio. In addition to these main analyses, we ran models stratified by race/ethnicity/gender and high vs. low wage state and analyses stratified race/ethnicity/gender and marital status. The results of these analyses can be found in appendices 3-6 and 7-10, respectively. In order to adjust the level of statistical significance for multiple comparisons, we apply the Bonferroni correction such that the level of statistical significance for a given outcome category is 0.05 divided by the number of outcomes in that category (access to care (2): pvalue≤0.025, health behavior (4): p-value≤0.0125 and health outcomes (5): p-value≤ .010) [29] . The results of the LPMs and PRMs are presented as marginal effects and rate ratios, respectively.
Results
A table showing the adjusted wage ratio by time and census region can be found in Appendix 2. The fullsample mean of the adjusted wage ratio variable is 6.11 and the interquartile range is 3.18-9.37. The descriptive statistics for the covariates and outcomes are found in Table 1 .
Results for all races (Total Population & across Gender)
The results capturing the impact of minimum wage increases, on the access to care, health behaviors and health outcomes for all races (total population and stratified by gender) can be found in Table 2 . Among the total population, a $1 increase in the minimum wage reduced the probability of reporting no insurance and care cost by 2 (β = −.02; 95% CI = -.03 to −.02), and 1 percentage points (β = −.01; 95% CI = -.01 to −.00), respectively, in average wage states, controlling for other factors. With respect to health behaviors, a $1 increase in minimum wage increased the expected number of times fruit was consumed and servings of vegetables were consumed by 3% (β = 1.03; 95% CI =1.00 to 1.06), and 5% (β = 1.05; 95% CI =1.03 to 1.07), respectively, in average wage states.
Among men, minimum wage increases were linked with decreased reports of no health insurance (β = −.03; 95% CI = -.04 to −.02), and missed care due to cost (β = −.01; 95% CI = −.02 to −.00) as well as increased vegetable consumption (β = 1.05; 95% CI =1.02 to 1.08).
Among women, minimum wage increases were associated with reduced reports of no insurance (β = −.01; 95% CI = -.02 to −.01) and increased reports of vegetable consumption (β = 1.05; 95% CI =1.02 to 1.08).
Results for whites (Total Population & across Gender)
The results of stratified models for whites are presented in Table 3 and the results of the models using interaction terms are found in Table 4 . In stratified models, minimum wage increases were associated with reduced reporting of missed care due to cost (β = −.01; 95% CI = -.01 to −.00) and increased vegetable consumption (β = 1.03; 95% CI = 1.00 to 1.05), among the total white population.
Among white men, there is a positive association between minimum wage increases and reporting no exercise (β = .01; 95% CI = .00 to .02), vegetable consumption (β = 1.03; 95% CI =1.00 to 1.06) and self-reported fair/poor health (β = .01; 95% CI = .00 to .02). In models with interaction terms, the impacts of minimum wage increases are associated with reduced reports of no insurance (β = −.02; 95% CI = −.03 to −.02) and missed care due to cost, (β = −.01; 95% CI = -.02 to −.01) and positively associated with vegetable consumption (β = 1.05; 95% CI =1.02 to 1.07) and poor mental health days (β = 1.04; 95% CI =1.00 to 1.08). The minimum wage effects on no exercise and self-reported fair/poor health are no longer significant.
In stratified models including white women, minimum wage increases are positively associated with vegetable consumption (β = 1.03; 95% CI =1.00 to 1.05) and decreased reporting of fair/poor health (β = −.01; 95% CI = -.01 to −.00). In the models with interactions terms, minimum wage increases are positively linked to missed care due to cost (β = .01; 95% CI = .01 to .01), but negatively linked with reports of hypertension (β = −.01; 95% CI = -.01 to-.00), poor mental health days (β = .98; 95% CI = .96 to .99), poor physical health days (β = .97; 95% CI = .95 to .99) and unhealthy days (β = .98; 95% CI = .96 to .99). The relationships between minimum wage, self-reported fair/poor health and vegetable consumption are no longer significant.
Results for blacks (Total Population & across Gender)
The results of the stratified models, conducted in the black population (total, men or women) (Table 5) , did not reveal any statistically significant relationship between minimum wage increases and any of the access to care, health behavior or health outcomes; however, in models using interaction terms (Table 4) , minimum wage increases were found to be positively associated with reports of no health insurance (β = .02; 95% CI = .02 to .03) and missed care due to cost (β = .01; 95% CI = .00 to .02) but negatively associated with vegetable (β = .92; 95% CI = .89 to .94) and alcohol consumption (β = .96; 95% CI = .93 to .99) among black men. Among black women, minimum wage increases were found to be negatively associated with reports of no health insurance (β = −.02; 95% CI = −.03 to −.01).
Results for Latinos (Total Population & across Gender)
In stratified models of the total Latino population (Table 6 ), minimum wage increases were positively associated with fruit intake (β = 1.10; 95% CI =1.01 to 1.21), poor physical health days (β = 1.15; 95% CI =1.02 to 1.30) and unhealthy days (β = 1.14; 95% CI =1.00 to 1.30). Among Latino men, minimum wage increases were associated with reduced reports of no health insurance (β = −.03; 95% CI = -.06 to −.00) as well as increased fruit consumption (β = 1.10; 95% CI =1.01 to 1.21) and reports of poor physical health days (β = 1.19; 95% CI =1.00 to 1.41). In models using interaction terms, minimum wage increases were negatively associated with reports of no health insurance (β = −.01; 95% CI = -.02 to −.00), no exercise (β = −.03; 95% CI = −.04 to −.02), fruit consumption (β = .96; 95% CI = .92 to .99) and self-reported Minor Children 51.9
1. ETOH = Alcohol. 2. EITC = Earned Income Tax Credit. All estimates are weighted to reflect sample design fair/poor health (β = −.01; 95% CI = -.02 to −.00) and positively associated with vegetable consumption (β = 1.05; 95% CI =1.01 to 1.08), missed care due to cost, (β = .01; 95% CI = .02 to .00), poor physical health days (β = 1.06; 95% CI =1.00 to 1.13) and unhealthy days (β = 1.06; 95% CI =1.01 to 1.10) . No statistically significant relationship were observed for any outcomes among Latino women in stratified models; however, models using interaction terms showed reduced reports of missed care due to cost among Latino women associated with minimum wage increases (β = −.03; 95% CI = -.04 to −.01) .
Discussion
This study examined the association between minimum wage policies, access to care, health behaviors and health outcomes, across race/ethnicity and gender by analyzing 21 years of data ) from the BRFSS and other sources of state-level data. We found that in the total population, minimum wage The data source is BRFSS (1993-2014 panels). Linear Probability Models and Poisson Regression Models are used to examine dichotomous and count outcomes, respectively. All models control for state earned income tax credit rate, refundability of state earned income tax credit, Maximum food stamp allotment for a family of 3 maximum TANF allotment for a family of 3, 1-year lagged GDP, comprehensive Medicaid expansion, age, race/ ethnicity, marital status, education and having minor children, year as well as state fixed-effects. All models are weighted for complex survey design and non-response. Total population models also control for gender. increases were associated with improvements in access to care and dietary quality. In analyses conducted within race/ethnicity/gender subgroups we found that minimum wage increases were associated with improved access to care among white men, black women and Latino women but were associated with mixed impacts on the access to care of Latino men and negative impacts on access to care among white women and black men. With respect to dietary quality, minimum wage increases were associated with dietary improvements, mixed results and negative impacts among white, Latino and black men, respectively. Additionally, minimum wage increases were negatively linked to reports of no exercise and alcohol consumption among Latino and black men, respectively. With respect to health outcomes, minimum wage increases were negatively associated with reports of hypertension, poor physical health days and poor .00
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The data source is BRFSS (1993-2014 panels). Linear Probability Models and Poisson Regression Models are used to examine dichotomous and count outcomes, respectively. All models control for state earned income tax credit rate, refundability of state earned income tax credit, Maximum food stamp allotment for a family of 3 maximum TANF allotment for a family of 3, 1-year lagged GDP, comprehensive Medicaid expansion, age, marital status, education and having minor children, and year as well as state fixed-effects. All models are weighted for complex survey design and non-response. mental health days among white women but positively associated with poor mental health days among white men. Among Latino men, minimum wage increases were negatively associated with self-reported fair or poor health but positively associated with poor physical health days. This is one of the few studies, to our knowledge, to explore the health implications of minimum wage policies by both race/ethnicity and gender.
The findings regarding dietary quality are inconsistent with that of Horn et al.(2017) and Andreyeva et al.(2018) who find reduced dietary quality associated with minimum wage increases. The results likely diverge for a number of reasons. We use a different model specification for our count outcomes (PRM instead of OLS) as well as a different primary predictor (lagged real minimum wage vs. the adjusted wage ratio). The data source is BRFSS (1993-2014 panels). Linear Probability Models and Poisson Regression Models are used to examine dichotomous and count outcomes, respectively. All models control for state earned income tax credit rate, refundability of state earned income tax credit, Maximum food stamp allotment for a family of 3 maximum TANF allotment for a family of 3, 1-year lagged GDP, comprehensive Medicaid expansion, age, marital status, education and having minor children, year as well as state fixed-effects. All models are weighted for complex survey design and nonresponse. Total population models also control for gender. The findings of increased access to care among the total population are consistent with the findings of both McCarrier et al.(2011) and Andreyeva et al.(2018) who find reductions in the reporting of missed care due to cost among the total population and increases in well patient doctor visits among whites associated with minimum wage increases, respectively [12, 13] . These findings suggest that any associated drops in health benefits by employers to reduce labor cost, on average, were offset by either the purchase of health insurance in the individual market, expansions in access to public insurance, or both [30] . However, our analyses show that the access to care implications of minimum wage increases vary across race/ethnicity/gender subgroups.
This study finds reported health improvements associated with minimum wage increases among white women. Women constitute a larger proportion than men of workers either at or below minimum wage so women generally and white women particularly, have the potential for substantial financial benefit from minimum wage increases which may manifest in improved health outcomes [7] . Conversely, this study finds negative and mixed health outcomes reported among white and Latino men, respectively associated with minimum wage increases and a negative trend in health outcomes for black men. These findings are somewhat consistent with the work of Horn et al. (2017) that finds increases in self-reported fair/poor health among men associated with minimum wage increases. However, these findings are inconsistent with the work of Andreyeva et al. (2018) who do not find adverse health effects associated with minimum wage increases among minorities; however, since they combine blacks and Latinos and do not disaggregate the results by gender it is difficult to directly compare these results. Averett et al. (2017) , the only study, to our knowledge, to examine the implications of minimum wage polices across both race/ethnicity (white, black, Latino) and gender, simultaneously, found that Latino male teenagers had increases in self-reported fair/poor health associated with minimum wage increases [14] .
Economic dislocation, as a consequence of reduced labor demand, is one potential explanation for the negative association between reported health outcomes and minimum wage increases among men. Economic dislocation in the context of minimum wage increases may be particularly salient for individuals with the lowest levels of human capital [2] . Specifically, the most vulnerable workers with very low education levels, or limited English proficiency may be the first to lose employment if an increase in the minimum wage induces employers to cut jobs [31] . Additionally, racial/ethnic/ gender subgroups that are the most highly concentrated in labor intensive sectors are particularly vulnerable to labor restructuring and job loss in the setting of increased labor costs. Relative to all other race/ethnicity/gender groups, Latino men are the most occupationally segregated in labor intensive sectors so they may face disproportionate negative economic impacts from minimum wage increases. By contrast, white men have the lowest level of occupational segregation and black men have an intermediate level of occupational segregation [8, 32] . Increases in access to care is another potential explanation for the worsened health outcomes reported by white and Latino men, as a consequence of increasing awareness of asymptomatic medical diseases [33] .
Limitations
The results of this study must be interpreted in the context of several limitations. The study is observational and could be subject to residual confounding. The shortcomings of the BRFSS with respect to potential selection bias have been previously documented; it is worth noting that underrepresentation of individuals without home telephones and those working atypical hours necessarily exclude individuals who may be disproportionately affected by the minimum wage [34] . Minimum wage changes undertaken by municipalities are not included. An important measurement limitation is the use of selfreported health measures, which have been shown to be a more reliable predictor of health outcomes in whites than among racial/ethnic minorities [33] . Additionally, due to changes in the way BLS categorized median wage categories after 1999 the primary predictor slightly changes after 1999. Given that this change is not correlated with minimum wage changes, it is unlikely that this change has significant implications for our results. BRFSS changed its sampling strategy with the 2011 wave, results are not formally comparable across years. Since the point of this analysis is not time trends but rather to use cross-state variation with year controls, this issue should not pose a problem for this analysis. These results-as is the case for almost all of the literature-examine only the short-term effects of minimum-wage increases. Longer term effects could differ substantially from those estimated here, but cannot be identified in empirical analyses without overly strong assumptions about their timing.
These limitations are balanced by some important contributions. Given that previous work on this topic has primarily focused on average population effects, it is useful to provide preliminary evidence that contributes to a more comprehensive understanding of how these policies operate among different portions of the lowwage work force.
Conclusions
While increasing the minimum wage is associated with some improvement in access to care and dietary quality in certain subgroups and improved self-reported health outcomes among white women it may be linked to negative health outcomes among men. Although there appears to be enthusiasm for minimum-wage increases in the public health community, such increases may have to be paired with deliberate strategies to protect the workers that might be vulnerable to economic dislocation, for example with robust unemployment insurance and increased access to job training for displaced workers [35] . Future studies should look at the implications of minimum wage increases for health outcomes across racial/ethnic/gender groups using more valid measures of health status. The data source is BRFSS (1993-2014 panels). Linear Probability Models and Poisson Regression Models are used to examine dichotomous and count outcomes, respectively. All models control for state earned income tax credit rate, refundability of state earned income tax credit, Maximum food stamp allotment for a family of 3 maximum TANF allotment for a family of 3, 1-year lagged GDP, comprehensive Medicaid expansion, age, race/ethnicity, marital status, education and having minor children, year as well as state fixed-effects. All models are weighted for complex survey design and nonresponse. Total population models also control for gender. Standard errors are robust and clustered at the state level. Results of LPMs and PRMs are presented as percentage point differences in the probability of an outcome and Rate Ratios, respectively. The data source is BRFSS (1993-2014 panels). Linear Probability Models and Poisson Regression Models are used to examine dichotomous and count outcomes, respectively. All models control for state earned income tax credit rate, refundability of state earned income tax credit, Maximum food stamp allotment for a family of 3 maximum TANF allotment for a family of 3, 1-year lagged GDP, comprehensive Medicaid expansion, age, education and having minor children, year as well as state fixed-effects. All models are weighted for complex survey design and non-response. Total population models also control for gender. 
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